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The GMAO is preparing to produce two retrospective products bridging the gap
from NASA's EOS to the post-EOS observations:

= GEOS-IT for use by NASA instrument teams

= GEOS-R21C a retrospective analysis for the 215t century for reanalysis
research applications.
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Reasons to update Long-Term Improvements of Forecast Skill
retrospective analysis 48-hr Forecast RMSE
prOdUCtS Global 700 hPa Temperature
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10-year time series of root mean square error (RMSE) of 48-hour
forecasts, sampled regularly, and self-verified of global temperature at

700 hPa .The GEOS-FP in blue is compared with NCEP and ECMWF
operational products (gray and black, respectively).
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Reasons to update Improvements in the analysis field
retrospective analysis Stdv Diff Q@ OctNov2019—20 (45SN)
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Standard deviation of the difference with ERAS for the specific humidity
(g/kg) for MERRA-2 (grey) and three versions of the FP systems FP22,
FP25, FP27 (dark blue, light blue, cyan, respectively)
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Reasons to update Improvements in the analysis field
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(g/kg) for MERRA-2 (grey) and three versions of the FP systems FP22,
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Updated Radiances since MERRA-2
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Reasons to update
retrospective analysis
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]

MERRA-2 production streams

Standard deviations of the differences between parallel
streams during the overlaps of 1991 and 2010

2010

Reasons to update
retrospective analysis
products
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Reasons to update
retrospective analysis
products

= Qlder models are harder to
maintain
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Changes in the hardware/software
(Slurm, SP3, SLES-11, SLES-12 transition!).
Transition from CVS to Git

Some changes affect reproducibility of older systems.

With each change, the operational knobs and scripts
have to be upgraded to the new system or retrofitted
back to older systems to maintain reproducibility or
function.



National Aeronautics and Space Administration Q'

< &

O © 06 0 0 O

e NSy

b v 8 v v v
CEES ............................................................................
product

GEOS-IT

MERRA-3

PolarMerra GEOS-R21C-
downscaling Chem

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov




National Aeronautics and Space Administration C o n fi g u rati O n @

GEOS-FPIT GEOS-IT
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Preliminary results from

Prototype-R21C 20

(c) 300 hPa 00z Radiosonde Temperature O-F

= |mprovements in the output
agreement with radiosonde data

190 PSR S ‘ ' ‘ ' ‘ S S
I— M2 qc36 RMS —_ M2 qc36 Mean —— reana_C360 RMS — reana_C360 Mean
=-2.0 I I T I I
20 (d) 700 hPa 00z Radlosonde Temperature O-F

—— M2_qc36 RMS
Il

— M2_qc36 Mean
Il

—— reana_C360 RMS
Il

—— reana_C360 Mean

I

I

I

I

I

-2.0
09/01/04

Global Modeling and Assimilation Office

gmao.gsfc.nasa.gov

10/01/04

10/31/04

11/30/04

12/30/04

01/29/05

02/28/05
Date

03/30/05

04/29/05

05/29/05

06/28/05

07/28/05



National Aeranautis and Space Administaton RMS Difference with ERA5 — Specific Humidity @

Zonal mean RMS total diff w/ ERAS Q OctNov2015 Zonal mean RMS bias diff w/ ERAS Q OctNov2015 Zonal mean RMS amplitude diff w/ ERAS Q OctNov2015 Zonal mean RMS phase diff w/ ERAS Q OctNov2015
100 100 100 100
RMS total - RMS bias RMS amplitude RMS phase
300 300 300 300
N 400 400 400 H e 400
1
< 500 500 500 : 500
5 600 600 600 : 600
m 700 700 700 ¢ - 700
E 800 300 300 ' 800
900 900 900 “ 900
1000+ — — 1000, T T T T 1000, T T T T 1000 +
908 608 308 24 30N BN 908 608 308 £ 30N BN 90N 908 608 308 £ 30N BN 90N 903 608 308 E 30N 60N 9
7] =0 | ] | ||| [ s =0 | (T | | || (-
01 02 03 04 05 06 07 08 08 1 11 12 13 14 15 16 1.7 18 18 01 02 03 04 05 06 07 08 08 1 11 12 13 14 15 16 1.7 18 18 01 02 03 04 05 06 07 08 08 1 11 12 13 14 15 16 1.7 18 18 01 02 03 04 05 06 07 08 08 1 11 12 13 14 15 16 17 18 18

MSEror = MSEgps + MSEAMPL + MSEPHAZ

MSEBIAS = (X— 7)2
(6(X) — a(1))’

MSEpyaz = 2 (1 —p) o(X)a(Y)

MSEAMPL

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov




National Asronautcs and Space Adminstation RMS Difference with ERAS — Specific Humidity

Zonal mean RMS total diff w/ ERA5 Q OctNov2015 Zonal mean RMS bias diff w/ ERAS Q OctNov2015 Zonal mean RMS amplitude diff w/ ERAS Q OctNov2015 Zonal mean RMS phase diff w/ ERAS Q OctNov2015
100 100 100 100
o RMS total o - RMS bias o RMS amplitude e RMS phase
300 300 . 300 300
400 400 400 H e 400
1
< 500 500 500 : 500
5 500 500 500 : 500
m 700 700 700 ¢ - 700
E 800 300 300 ' > 800
900 900 900 “ = 900
1000+ — o — 1000, T T T T 1000, T T T T T 1000 + —
908 608 308 24 30N BN 908 608 308 £ 30N BN 90N 908 608 308 £ 30N BN 90N 903 608 308 E 30N 60N
0\ 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 1.7 18 18 0\ 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 1.7 18 18 0\ 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 1.7 18 18 :::.B.'I 02 03 04 05 06 07 08 08 1 11 12 13 14 15 16 17 18 19
Zonal mean RMS total diff w/ ERA5 Q OctNov2015 Zonal mean RMS bias diff w/ ERAS Q OctNov2015 Zonal mean RMS amplitude diff w/ ERAS Q OctNov2015 Zonal mean RMS phase diff w/ ERAS Q OctNov2015
100 100 100 100
RMS total - RMS bias RMS amplitude RMS phase
o 300 300 300 300
F
E 400 400 H e 400 g e 400
é 500 500 i 500 . 500
Q 500 500 : 500 : 500
whd : :
o 700 700 700 : : 700
]
(o) 800 800 800 : i 300
|
m 900 900 900 e ‘ 900
10001 - 1000 - T T 1000 T T T T 10007
908 608 308 24 30N BN N 908 608 308 £ 30N BN 908 608 308 £ 30N BN 90N 903 608 308 E 30N 60N
DT 02 03 04 05 06 07 08 08 1 11 12 13 14 15 16 1.7 18 18 01 02 03 04 05 06 07 08 08 1 11 12 13 14 15 16 1.7 18 18 01 02 03 04 05 06 07 08 08 1 11 12 13 14 15 16 1.7 18 18 :::-.-6.1 02 03 04 05 06 07 08 08 1 11 12 13 14 15 16 17 18 18

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov




National Aeronautics and Space Administration RM S D iﬁe re n Ce With E RA5 - Te m pe ratu re

Zonal mean RMS total diff w/ ERAS T OctNov2015 " Zonal mean RMS bias diff w/ ERAS T OctNov2015 I[mZonaI mean RMS amplitude diff w/ ERA5 T OctNov2015 " Zonal mean RMS phase diff w/ ERA5 T OctNov2015
m RMS bias m RMS amplitude RMS phase
3000 300
400 400
!
500 H 500
600

MERRA-2

 gn

1000 — — ‘ 1000

1000

900

603 308 £0 30N BON 903 605 303 £ 30N 60N 903 603 308 £ 30N 60N 90N 605 30 £0 30N 60N 90N
Zonal mean RMS total diff w/ ERAS T OctNov2015 Zonal mean RMS bias diff w/ ERAS T OctNov2015 Zonal mean RMS amplitude diff w/ ERAS T OctNov2015 Zonal mean RMS phase diff w/ ERAS T OctNov2015
100 100 0
w0 _ - RMS bias 0 RMS amplitude RMS phase
>
E 400 3 . 400
1 500 , 500

Q :

% 500 : : : 500

2 |

B 700 ’ 700 |

o 800 800

| S

o

- v‘.‘,v o i

1000 - . u 1000 ‘ . : . . — 1000

308 EQ 903 603 303 £Q 30N 60N 90N 903 608 308 £Q 30N 60N 90N g 60 308 z £Q 30N 60N 90N

(‘)’.15 03 045 06 075 09 1.05 1.2 1.35 1.5 1.85 1.8 1.95 21 225 24 256 27 285 (-12‘5 0.3 045 0.6 075 0.9 1.05 1.2 1.35 1.5 1.85 1.8 1.95 21 225 24 255 2.7 285 (-12‘5 0.3 045 0.6 075 0.9 1.05 1.2 1.35 1.5 1.85 1.8 1.95 21 225 24 255 2.7 285 (-12‘5 0.3 045 0.6 075 0.9 1.05 1.2 1.35 1.5 1.85 1.8 1.95 21 225 24 255 2.7 285

Global Modeling and Assimilation Office

gmao.gsfc.nasa.gov




National Aeronautics and Space Administration @

Summary

= The GMAO is preparing to produce two retrospective products bridging the gap from
NASA's EOS observations to the post-EOS observations: GEOS-IT for the instrument
teams and GEOS-R21C for reanalysis research applications.

= Build on the advances in modeling and data assimilation introduced into GEOS-FP since
MERRA-2.

= QOpportunity to use upgraded observing system.

= The GEOS-IT is planned as a replacement to the current GEOS-FPIT.

= Production team is working on a sample data to be validated internally and shared with FPIT
users for further validation.

The GEOS-R21C is planned as a stepping-stone towards the decadal goal of producing

MERRA-3, an integrated Earth System reanalysis, coupling atmosphere, ocean, land
and ice.

= Preliminary test results with a prototype-R21C are encouraging.

= On-going work: dry-mass conservation, land-ice mask in OSTIA boundary conditions, use of
IMERG product for the observation-corrected model precipitation, production stream strategy.
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